Purpose Many cancer survivors report experiencing somatic symptoms as well as elevated stress. Theoretical models have suggested that physical symptoms generate subjective stress via fears of recurrence or progression. To date, this indirect effect has not been established empirically. This study aimed to provide preliminary evidence as to whether fear of recurrence or progression is an intermediary between somatic symptom severity and perceived stress among heterogeneous cancer survivors. Methods Adult cancer survivors (N = 67; median 2.4 years since diagnosis; 34% male) presenting at a hospital survivorship clinic completed measures assessing somatic symptom severity (Patient Health Questionnaire-15 (PHQ-15)), perceived stress (four-item Perceived Stress Scale (PSS-4)), and fear of recurrence or progression (Assessment of Survivor Concerns (ASC)). Interrelatedness among variables was assessed using Pearson correlations. Indirect effects were modeled using 5000-iteration bootstrapping.
Introduction
Cancer survivorship has increased steadily over the last 50 years, with 19 million survivors projected to be living in the USA by 2024. Regardless of cancer type, survivors often experience persistent physical health concerns, including fatigue [1, 2] and pain [3] . Collectively, physical sequelae of cancer and/or its treatment constitute a psychosocial burden on survivors that can significantly impair survivors' mental health [4, 5] .
According to biopsychosocial models of distress in cancer, somatic symptoms can influence psychosocial stress by way of patients' cognitive appraisals of stimuli related to cancer diagnosis, treatment, and survivorship [6, 7] . These cognitions include interpretations, judgments, and beliefs regarding cancer-related events or cues [8] . Chief among these is fear of recurrence or progression [9] , with moderate to high levels present in 30-70% of cancer survivors [10, 11] . Fear of recurrence or progression can be triggered by cancer-related stimuli throughout survivorship, such as follow-up appointments [12, 13] . Survivors' worries about disease recurrence or progression may continue for years after treatment ends [12, 14, 15] and can persist at levels equal to that experienced at the time of diagnosis [16] .
It has been suggested that fear of recurrence or progression acts as an intermediary between somatic symptoms and poor psychological outcomes. Theoretical models, including uncertainty in illness theory and the cognitive-behavioral model of health anxiety, emphasize the centrality of fear of recurrence or progression as a mechanism underlying stress states among cancer survivors [17] [18] [19] [20] [21] . Fardell and colleagues' [21] recent review highlights an overall paucity of studies examining indirect pathways in these models; most quantitative support comes from bivariate correlations that are added to models in a piecemeal fashion. For instance, evidence suggests that survivors' fear of recurrence or progression can be triggered by physiological symptoms [12, 22] on one hand and are associated with poorer psychological adjustment [23] on the other. However, to date, the indirect effect of somatic symptoms on perceived stress levels via fear of recurrence or progression has not been examined empirically.
The present study thus aimed to specifically address this gap; we hypothesized that within a sample of heterogeneous cancer survivors, (1) the severity of somatic symptoms would be positively associated with stress, and (2) these associations would be driven by an indirect effect via fear of recurrence or progression.
Methods Sample
As described previously [24] , this sample was comprised of patients receiving care at the cancer survivorship clinic at the Massachusetts General Hospital (MGH) Cancer Center (N = 67). The current study utilized an abbreviated version of a survey meant to guide patients' clinical encounters, completed prior to their first appointment with a survivorship clinician. The Institutional Review Board of the MGH/ Partners Human Research Committee approved this research.
Measures
Sociodemographic and medical characteristics Participants reported their age, gender, race, education level, partner status, and insurance status. Time since diagnosis and cancer type data were collected from participants' electronic health record.
Somatic symptom severity Items assessing somatic symptoms were obtained from the Patient Health Questionnaire-15 (PHQ-15) [25] . The PHQ-15 is a psychology measure which assesses the severity of medically under-explained physical symptoms. Although its items have been used in studies of cancer patients [26] , it was originally developed to measure somatization and somatoform disorders. Participants rated the degree to which they were bothered by 15 physical health concerns over the past month on a three-point Likert scale ranging from 0 (Bnot bothered at all^) to 2 (Bbothered a lot^). Total scores range from 0 to 30 and are interpreted as minimal (0 to 4), low (5 to 9), medium (10 to 14), or high (15 to 30) [25] . In the present study, the PHQ-15 had acceptable internal consistency (α = 0.76).
Fear of recurrence or progression Fear of recurrence or progression was measured using the Assessment of Survivor Concerns (ASC) [27] . The ASC asked participants to rate the frequency of worries over the past 2 weeks related to Bfuture diagnostic tests,^Banother type of cancer,^Bmy cancer coming back,^Bdying,^and Bmy health.^Response options were on a four-point Likert scale ranging from 1 (Bnot at all^) to 4 (Bvery much^). Cronbach's alpha in the current sample was excellent (α = 0.92).
Perceived stress Perceived stress was measured using the four-item Perceived Stress Scale (PSS-4) [28] . Items asked survivors to recall how frequently they have experienced psychosocial difficulty over the past month. Responses were presented on a five-point Likert scale ranging from 0 (Bnever^) to 4 (Bvery often^). Cronbach's alpha in this sample was good (α = 0.82).
Data analyses
Participants entered data directly into a secure online database using Research Electronic Data Capture (REDCap) software. All data were analyzed using SPSS version 20.0. Data were examined for normality of distributions. Descriptive statistics assessed patients' sociodemographic and cancer characteristics, somatic symptoms, perceived stress, and fear of recurrence or progression. Interrelatedness among main study variables was calculated using Pearson correlations. For correlational analyses, p values at the two-sided alpha level of <0.05 were considered statistically significant.
Indirect effects were modeled using the Preacher and Hayes [29] method with 5000-iteration bootstrapping [30] . A regression model was constructed with somatic symptom severity as the independent variable. Fear of recurrence or progression was entered as the mediating variable, and the dependent variable was perceived stress. Time since diagnosis was used as a covariate. The model was run twice, once with covariates and once without. After running the models for a 5000-iteration bootstrapping, a 95% confidence interval for each indirect effect was produced for interpretation. For each model, if the confidence interval for the indirect effect did not contain zero, the effect is significantly different from zero, implying partial mediation. The magnitudes of these effects are presented as unstandardized regression coefficients.
Results
Demographic and medical characteristics of participants are presented in Table 1 . Participants were primarily non-Hispanic white (92%) and female (62%). The sample was comprised of survivors of various cancers, chiefly those of the breast (32%), gastrointestinal sites (18%), and lymphoma/myeloma (18%). Survivors were on average 4.57 years since diagnosis (SD = 5.45 years, range = 0.18 to 30.87 years). The median time since diagnosis was 2.43 years. Table 2 summarizes the main study variables. Survivors reported a wide range of somatic symptom severity. On average, participants reported low symptom severity (M = 7.95, SD = 4.75, observed range [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] . For descriptive purposes, scores were also calculated within established severity ranges. Approximately one third (29%) of participants had minimal levels. The modal response endorsed low levels, with 39% of participants' scores falling within 5 to 9. The remaining one third of participants endorsed either medium (18%) or high (14%) levels of somatic symptom severity.
With regard to psychological concerns, survivors on average endorsed moderate levels of both fear of recurrence or progression (M = 2.60, SD = 0.95, observed range 0-4) and perceived stress (M = 6.72, SD = 3.66, observed range 0-14). As hypothesized, somatic symptom severity was positively correlated with greater perceived stress (r = 0.47, p < 0.001). Additionally, fear of recurrence or progression was independently positively associated with both somatic symptom severity (r = 0.29, p = 0.02) and levels of perceived stress (r = 0.38, p = 0.002).
Next, a model was tested to examine fear of recurrence or progression as an intermediary between physical symptoms and perceived stress (see Fig. 1 ). Consistent with our hypothesis, the indirect effect of somatic symptom severity on perceived stress via fear of recurrence or progression was Time since diagnosis had a negative, borderline-significant relation with perceived stress [B = −0.14, SE = 0.07, p = 0.06]. To ensure that its inclusion in the model did not lead to spurious effects [31] , the model was rerun without covariates, and results were not affected.
Discussion
This study sought to investigate whether fear of recurrence or progression is an intermediary between somatic symptoms and perceived stress among cancer survivors. As hypothesized, physical symptoms and psychosocial stress levels were highly related, and indeed, this association was partially explained by survivors' fear of recurrence or progression acting as an intermediary linking these phenomena. To the best of our knowledge, this is the first study to provide empirical evidence for this path and highlight the centrality of fear of recurrence or progression to the study of stress in cancer patients.
Despite on average being more than 4 years since diagnosis, 32% of participants in this study endorsed elevated somatic symptoms. This prevalence is consistent with literature describing the transition from early to long-term cancer survivorship, whereby health-related concerns decrease from occurring in the majority to a minority of survivors [5] . Consistent with previous findings, an exploratory examination of individual items on the PHQ-15 demonstrated that the most frequently endorsed physical concerns in our sample were fatigue (79%) and limb and joint pain (59%) [32, 33] . Furthermore, ratings of the 15 physical health concerns were for the most part positively correlated, suggesting that survivors tended to have co-occurring symptoms.
In the period beyond diagnosis and active treatment, cancer survivors are faced with not just somatic concerns but emotional challenges as well. Handling fear of cancer recurrence or progression is one of the most prominent [9] and common, with moderate to high levels present in 30-70% of cancer survivors [10, 11] . Concerns about additional cancer diagnoses, recurrence, progressions, or death are likely to persist throughout survivorship, as former patients will continue to encounter cancer-related triggers (e.g., follow-up appointments, public health campaigns, new diagnoses in family or friends) after treatment ends [12, 13, 34] . In line with these findings, survivors in the present study on average endorsed moderate to high levels of fear of recurrence or progression. Similarly, participants reported elevated levels of stress. The average PSS-4 score in our sample (M = 6.72) was 1.5 times higher than that observed in the general population (M = 4.49) [35] . Taken together, these results support literature implicating fear of recurrence or progression and stress as common and pressing concerns among cancer survivors.
As hypothesized, physical health concerns were positively correlated with stress ratings. These findings corroborate a vast and established literature linking physical and mental health symptoms among cancer survivors [5, 36, 37] . While these relationships may be bidirectional in nature [37] , the Btop-down^hypothesis that stress causes or worsens physical health in cancer is somewhat controversial, requires measurement of multiple biological intermediaries, and has produced inconsistent findings depending on the psychoneuroimmunological pathway examined [38] . Alternatively, the Bbottom-up^hypothesis that somatic concerns cause or worsen psychological stress has face validity and consistent empirical support. Given the cross-sectional nature of the data collected, a statement of causality is beyond the scope of the present investigation and may be more appropriately interpreted within theoretical models of stress in cancer. More broadly, the strong positive correlation (r = 0.47) we observed supports literature linking these phenomena in general. Given the diagnostic heterogeneity in our sample, this association may generalize across a wide array of survivor subgroups.
This study is the first to test a pathway linking somatic symptoms to perceived stress by way of fear of recurrence or progression. Overall, the indirect effect model was statistically significant and explained 35% of the variability in perceived stress levels across survivors. In other words, these data suggest that one third of stress levels among cancer survivors is accounted for by somatic concerns and resulting fear of recurrence or progression. This indirect effect model lends empirical support to multiple theoretical models highlighting fear of recurrence or progression as a mechanism underlying stress in cancer survivors, including uncertainty in illness theory and the cognitivebehavioral model of health anxiety [17] [18] [19] [20] [21] . Of note, the Fig. 1 Conceptual model of fear of recurrence or progression as an intermediary between somatic symptoms and perceived stress among cancer survivors magnitudes of the observed relationships among these variables are nearly identical with previous literature examining intolerance of uncertainty, a variable related to cancer-related worries and fears [23] . The current study builds on Eisenberg et al.'s [23] findings, as survivors in the present study were heterogeneous with respect to gender and cancer site, suggesting that these associations are generalizable to a broader range of cancer survivors. Factors accounting for survivors' stress levels that were not evaluated in this study include unemployment/medical leave, restructured social support networks and new social support needs, and mental health concerns such as depression and anxiety [5] .
The indirect effect model summary statistics were not affected by covarying time since diagnosis, underscoring the relevancy of fear of recurrence or progression in linking physical and subjective stress states for both early and long-term survivors. Adaptation to survivorship has been described to be a process [5] , such that triggers of fears of recurrence or progression are likely to change throughout survivorship, [39] coinciding with and, as our findings suggest, potentially mediating evolving physical and mental health concerns.
There is emerging support for the impact and sustainability of psychosocial interventions on fear of recurrence or progression among cancer survivors. Mishel et al. found that a brief, telephone-delivered uncertainty management intervention improved survivors' confidence in their ability to cope with fear of recurrence or progression 20 months post-intervention [40, 41] . More recently, trials have found preliminary support for the efficacy of a cognitive existential group intervention for survivors of breast or gynecological cancer [42] , as well as a mindfulnessbased stress reduction protocol adapted for breast cancer survivors [43] [44] [45] , on reducing fear of recurrence or progression. Our findings suggest that these effects may be driven by either (a) improvements in symptoms that trigger fear of recurrence or progression or (b) survivors' interpretations of somatic symptoms. Indeed, a primary strategy of several interventions discussed here is teaching participants to decatastrophize their appraisals of cancerrelated concerns. Future fear of recurrence or progression interventions could deliberately target the appraisals of somatic concerns, which may include psychoeducation, cognitive-behavioral techniques, and acceptance-based skills.
While fear of recurrence or progression was associated with higher perceived stress, a certain level of concern may in fact be adaptive. Vigilance to signs of a potential recurrence may motivate health-promoting behaviors. Fear of recurrence or progression may also prompt interpersonal connectedness, with survivors calling on social support from formal or informal caregivers [46] . Given this potential for positive outcomes, we identify a need for further research into interventions that help frame fear of recurrence or progression in such a way that promotes adaptive responses over heightened physiological and psychological stress.
This study had several strengths and limitations. Survivors in the present analyses were heterogeneous with respect to cancer site, stage, and treatment history, making our findings generalizable to a broad survivorship population despite a relatively small sample size. Participants also tended to be older, educated, non-Hispanic white women who were either married or partnered. Future studies examining fear of recurrence or progression would benefit from including a larger and more diverse sample with respect to age, race/ethnicity, and relationship status. Additionally, participants were seeking care at a survivorship clinic, so they might have had more physical and/or psychological symptoms than cancer survivors in general. Participants may have been taking hormonal therapies, which could have introduced variability in self-reported ratings of symptom severity. Future studies building on these findings could use measures that assess clusters of cancer-related physical symptoms (e.g., [47] ) to ascertain the potency of specific physical triggers of fear of recurrence or progression. In the present study, we used a psychological measure of somatization (PHQ-15). We selected this measure specifically because it assesses a variety of somatic complaints, rather than those which respondents attribute to cancer and its sequelae. Still, the PHQ-15 neither captures information about symptom frequency nor cues respondents to rate symptoms they explicitly attribute to their prior cancer. Therefore, we were limited in our ability to parse out the influence of symptom frequency (vs. severity) and somatic symptom severity overall (vs. severity of symptoms perceived by survivors to be cancer-related). Future studies might benefit from measuring these qualities to better understand how they uniquely influence fear of recurrence or progression and, in turn, perceived stress. Finally, the use of cross-sectional data precludes our ability to draw causal conclusions; gathering longitudinal data is thus an important next step to delineate directionality and causality.
We conclude that for cancer survivors, fear of recurrence or progression plays a key role in the relationship between somatic symptoms on one hand and stress on the other. A sizeable proportion of stress among cancer survivors may be due to fear of recurrence or progression triggered by physical concerns; data here suggest that proportion is as high as 35%. Given the high prevalence of mental and physical health concerns among cancer survivors, interventions are needed to address fear of recurrence or progression as a key intermediary linking these phenomena.
